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THE  PHYSICS  OF  THE  PHOTODEPOSITION  PHASE  OF  THE  NRL 
MASTER  CODE  FOR  THE  DISTURBED  E  AND  F  REGIONS 


I.  INTRODUCTION 

The  fireball  of  a  high  altitude  nuclear  detonation  emits  a  wide 
range  of  electromagnetic  radiation.  Among  the  emitted  spectrum,  the 
ultraviolet  and  the  x-ray  radiations  dissociate  and  ionize  a  vast  amount 
of  the  upper  atmosphere  and  generate  what  is  usually  called  the  uv- fire¬ 
ball.  The  uv- fireball,  as  an  ionized  medium,  inpacts  heavily  on  com¬ 
munication,  radar,  visible  and  infrared  detectors  and  other  systems  of 
interest.  Therefore,  it  is  of  considerable  interest  to  predict  the 
ionization  and  the  deionization  of  the  uv-fireball  as  accurately  as 
possible.  This  requires  adequate  chemistry  codes  coupled  to  the  hydro 
codes  to  describe  the  physics  of  the  disturbed  atmosphere  in  a  self 
consistent  manner.  Adequate  chemistry  codes  are  generally  sinpler 
versions  of  more  detailed  chemistry  codes  which  provide  sufficient 

accuracy  for  the  purposes  of  the  desired  calculations. 

1-3 

The  NRL  Master  Code  is  a  detailed  time  dependent  multispecies 
code  which  describes  the  evolution  of  ionization  and  deionization  in 
the  disturbed  E  and  F  regions  of  the  ionospere.  The  calculations  of 
the  ionization  and  deionization  are  characterized  by  two  time  scales, 
the  early  time  and  the  late  time.  The  early  time  signifies  the  photo¬ 
deposition  phase  and  the  late  time  commences  with  the  termination  of 
the  ionizing  radiation.  During  both  of  these  phases  a  large  number  of 
reactions  occur  which  determine  the  time  histories  of  the  species  and 

Note:  Manuscript  submitted  November  13,  1979. 
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temperatures  of  interest.  The  most  up  to  date  version  of  this  code  has 

4 

been  reported  recently  where  the  most  appropritate  and  up  to  date  re¬ 
action  rates  are  incorporated. 

The  details  of  the  photodeposition  for  the  NRL  Master  Code  was 
2  5 

reported  some  time  ago. *  However,  in  view  of  current  data  on  photo¬ 
ionization  cross  sections,  a  revision  of  the  photodeposition  phase  of 
the  NRL  Master  Code  is  warranted.  This  report,  therefore,  deals  with 
the  details  of  the  photodeposition  where  a  large  number  of  ultraviolet 
and  extreme  ultraviolet  spectral  lines  are  considered. 

II.  PHOTODEPOSITION 

The  photodeposition  of  the  NRL  Master  Code  consists  of  the  irradi¬ 
ation  of  the  E  and  F  regions  by  a  large  number  of  uv  and  euv  radiation. 
This  radiation  consists  of  resonance  and  other  strong  uv  lines  emitted 

from  oxygen  and  nitrogen  atoms  and  their  multiply  ionized  ions.  A  list 

£ 

of  these  spectral  lines,  their  excitation  energies  (the  energy  of  the 
emitted  photon) ,  the  species  which  emit  than  and  their  code  designations 
is  given  in  Table  I. 

Table  I 


Spectral  Line 

(A) 

Excitation 
Energy  (eV) 

Source  of 
Bnission 

Code 

Designation 

1303.50 

9.50 

°I 

L1 

1240.10 

10.00 

L2 

1199.90 

10.33 

NI 

L3 

1134.60 

10.92 

NI 

L4 

1085.10 

11.43 

NII 

L5 
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Spectral  Line 

(A) 

1033.80 

1026.60 

990.98 

989.50 

916.34 

878.50 

834.50 
833.80 

811.40 

789.36 
765.14 
764.01 

703.36 
685.71 
671.48 

644.99 
629.73 

609.35 

554.37 

539.40 

533.67 

529.68 


Table  I 

Excitation 
Energy  (eV) 

Source  of 
Emission 

Code 

Designation 

11.99 

°VI 

L6 

12.10 

°I 

L7 

12.51 

NIII 

L8 

12.54 

°I 

13.53 

NII 

L10 

14.11 

°! 

L11 

14.86 

°III 

L12 

14.87 

°II 

L13 

15.28 

°I 

L14 

15.71 

°IV 

L15 

16.20 

> 
I— 1 

•z. 

L16 

16.23 

NIII 

L17 

17.63 

°iii 

00 

rH 

18.08 

NIII 

L19 

18.46 

NII 

L20 

19.22 

NII 

L21 

19.69 

°V 

L22 

20.35 

°IV 

L23 

22.36 

°IV 

L24 

22.99 

°II 

L25 

23.23 

NII 

L26 

23.41 

NII 

L27 

i 
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Spectral  Line 
(A) 

Table  I 

Excitation 
Energy  (eV) 

Source  of 
Bnission 

Code 

Designation 

507.93 

24.40 

°III 

L28 

452.11 

27.42 

NIII 

L29 

430.09 

28.82 

°H 

L30 

374.44 

33.10 

NIII 

L31 

374.12 

33- 11* 

°III 

L32 

305.72 

40.5 

°III 

L33 

303.66 

40.8 

°m 

L34 

279.83 

44.3 

°IV 

L35 

247.20 

50.2 

% 

L36 

238.50 

52.0 

°rv 

L37 

209.28 

59.2 

L38 

These  spectral 

lines  irradiate 

N2,  02  and  O 

which  are  the 

stituents  of  the  ambient  E  and  F  regions  and  are  considered  to  be  mainly 
in  their  ground  states.  However,  the  irradiation  time  is  generally  long 
compared  with  the  dissociative  recombination  times  of  N2+  and  02+.  These 
recombinations  form  additional  species  e.g.,  N,  N(2D),  N^),  0(!d),  0 
(*S),  etc.,  which  have  to  be  considered  in  a  detailed  photodeposition 
scheme. 

The  uv- fireball  is  a  disturbed  ionosphere  with  dimensions  of 
hundreds  of  kilometers  whose  degree  of  ionization  (or  disturbance)  at  any 
point  in  space  depends  on  the  amount  of  absorbed  radiation  at  that  point. 
Thus  the  degree  of  ionization  at  any  point  in  the  uv-fireball  depends 
directly  on  its  distance  from  the  radiation  source  (the  fireball).  This 
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in  principle  requires  a  time  and  space  dependent  attenuation  calculation 
of  each  spectral  line  emitted  from  the  fireball.  To  illustrate,  let  Ix 
(r,t)  indicate  the  flux  of  a  spectral  line  at  time  t  a  distance  r 
from  the  fireball  which  can  be  considered  as  a  point  source.  Then 

Ix(r,t)  =  -i-  Ix(r0,t)  exp(-?  *1  N-(r,t)  at  .  (Ni)dr)  (1) 

4mr  1  o  ’ 

where  rQ  defines  the  coordinates  of  the  fireball,  N^(r,t)  is  the  space 

and  time  dependent  density  of  species,  i,  and  at  x (N^)  is  the  total 

absorption  cross  section  of  radiation  at  wavelength  X  by  species  N^.  The 

exponential  factor  in  equation  (1)  determines  how  far  a  given  wavelength 

can  be  transmitted  in  any  given  direction  before  it  is  extinguished.  The 

ion  production  rate  from  species  N^,  can  be  given  by 

dN-+  (r,t) 

“Tt - =  £  yr.b)  ai>x(Ni)  NiCr,t)  (2) 

where  o-  (N- )  is  the  photoionization  cross  section  of  species  N.  due  to 
radiation  at  wavelength,  X.  On  the  other  hand,  the  dissociation  rate  of 
molecular  species  is  given  by 

dN2i(r,t) 

-Tt -  ■  -f  rxtr'«  °d,X  <N2i>  N2i<r>«  m 

where  ad>x 0^)  is  t^e  photodissociation  cross  section  of  molecular 
species  due  to  radiation  at  wavelength  X. 

It  is  obvious  from  equation  (3)  that  three  quantities  o^.,  cn  and 
are  required  for  a  detailed  photodeposition  calculation.  However,  in 
addition  to  these,  the  final  states  of  the  ion,  in  the  case  of  ionization, 

and  that  of  the  atom,  in  the  case  of  dissociation,  are  very  essential. 

In  the  case  of  ionization,  one  requires  a  knowledge  of  the  partial  photo- 
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ionization  cross  sections  at  each  wavelength,  where  generally  each 
species  has  several  ionization  continuum.  For  example,  for  a  20  eV 

photon  (^620  X)  the  nitrogen  molecule  cuould  be  in  any  one  of  its  ionic 

2  2  2 

states  of  X  I,  A  it  and  B  Z  whose  ionization  thresholds  are  at  15.58, 

16.7  and  18.8  eV,  respectively.  The  importance  of  the  partial  photo¬ 
ionization  cross  sections  are  obvious  for  several  reasons:  (1)  They 
provide  accurate  photoelectron  energies,  (2)  They  provide  the  produc¬ 
tion  rates  for  the  excited  states  of  the  ions  which  are  either  meta- 
stable  or  radiatively  allowed.  If  the  state  is  metastable  it  could 
react  faster  with  other  species  and  hence  affect  the  chemistry  of  the 
disturbed  atmosphere.  A  good  example  in  this  case  is  the  production 
of  0+(^D)  which  charge  transfers  with  N2  to  produce  N2+ .  The  signif¬ 
icance  of  this  reaction  is  very  clear  for  the  disturbed  upper  atmosphere, 
where  an  atomic  ion  is  converted  into  a  molecular  one  which  generally 
recombines  with  the  free  electron  at  a  much  faster  rate.  Furthermore, 
if  the  ionic  state  is  a  radiatively  allowed  state  it  could  lose  its 
energy  by  radiation,  deexcitation  by  electrons,  and  by  quenching  with 
neutrals.  These,  depending  on  the  density  regime,  provide  fluorescence 
emission  and  may  raise  the  kinetic  energy  of  the  electron  and  the 
neutral  species.  At  shorter  wavelengths  dissociative  ionization  of 
the  molecular  species  begin  to  contribute  appreciably  to  the  total 
ionization.  This  should  be  known  accurately  since  they  produce  atomic 
ions  whose  recombination  rates  are  not  as  fast  as  those  of  molecular 
ions.  The  final  states  of  the  atomic  species  due  to  photodissociation 
of  the  molecules  provide  much  necessary  information.  These  are  the 
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direct  heating  of  the  neutrals  and  the  production  of  the  metastable 
atonic  states.  The  metastable  states  provide  several  interesting  line 
emissions,  contribute  indirectly  to  neutral  and  electron  heating  and 
produce  additional  ionization  due  to  photoionization  by  long  wavelength 
radiation.  Furthermore,  atomic  metastable  states  contribute  to  the 

2 

formation  of  additional  species  through  neutral  reactions,  e.g.,  N(  D) 

+  02  -►  NO  +  0) . 

III.  PHOTOABSORPTION  AND  PHOTOIONIZATION  OF  Nz 

The  photoabsorption  and  photoionization  cross  sections  for  N2 
in  the  wavelength  range  of  interest  have  been  measured  previously  (up 

o_  i? 

to  1965)  by  many  investigators.  These  measurements  and  the  measure¬ 
ment  of  others  have  been  reviewed  by  Hudson*3  This  review  also  covers 
measurements  of  photoabsorption  cross  sections  for  other  atmospheric 
molecules.  While  most  of  these  measurements  were  concerned  with  the 

total  photoionization  cross  section,  some  partial  photoionization 

14 

cross  sections  were  reported  by  Blake  and  Carver  in  1967.  However, 
recently,  total15  and  partial15, 1(*  photoionization  cross  sections  for 
N2  have  been  reported  over  a  wider  range  of  wavelengths  of  interest. 

The  agreement  between  these  recent  measurements  are  reasonably  good, 
however,  the  agreement  between  them15  and  the  older  measurement14  are 
poor. 

In  Table  II  we  present  the  total  photoabsorption,  total  and 
partial  photoionization  cross  sections  for  the  wavelength  given  in 
Table  I.  The  branching  ratios  for  the  partial  photoionization  cross 
sections  are  shown  in  Figure  1  based  on  the  measurements  of  Samson, 


et  all5  The  data  for  the  partial  dissociative  ionization  are  from 
17 

Wight,  et  al  as  given  in  Reference  16.  The  sources  for  the  data 
in  Table  II  are  indicated,  however,  the  main  source  is  due  to  the 
recent  measurements  of  Samson,  et  all5 
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Table  II 

Total  Photoabsorption,  Total  and  Partial  Photoionization  Cross  Sections  of  N,  in  (Mb) 
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With  the  data  for  the  partial  photoionization  cross  sections  given 

in  Table  II  one  can  claculate  the  average  energy  of  the  ejected  photo¬ 
electron  for  each  spectral  line.  These  energies  are  given  in  Table  III 

Table  III 

Average  Photoelectron  Energy 

From  N2  For  Each  Ionizing  Wavelength 

Wavelength 

Designated  Flux 

Photoelectron 

Energy  feV) 

1303.5 

L1 

-- 

1240.1 

L2 

-- 

1199.9 

L3 

-- 

1134.6 

^4 

1085.1 

^5 

-- 

1033.8 

^6 

-- 

1026.6 

W 

-- 

990.98 

L8 

-- 

989.5 

L9 

-- 

916.34 

L10 

-- 

878.50 

L11 

-- 

834.50 

L12 

-- 

833.80 

L13 

-- 

811.40 

L14 

-- 

789.36 

L15 

-- 

765.14 

L16 

0.62 

764.01 

L17 

0.65 

703.  36 

hs 

1.28 

685.71 

L19 

1.73 

671.48 

L20 

2.10 

644.99 

L21 

2.57 

629.73 

L22 

3.06 

609.35 

L23 

3.73 

554.37 

L24 

5.85 

539.40 

L25 

6.47 

533.67 

L26 

6.76 
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Table  III  (Continued) 

Average  Photoelectron  Energy  Ejected 
From  N2  For  Each  Ionizing  Wavelength 


Photoelectron 

Wavelength  Designated  Flux  Ej  ected 


529.68 

L27 

6.94 

507.93 

L28 

7.94 

452.11 

L29 

10.74 

430.09 

L30 

12.09 

374.44 

L31 

16.10 

374.12 

L32 

16.12 

305.72 

L33 

22.20 

303.66 

L34 

22.52 

279.83 

L35 

22.55 

247.20 

L36 

32.92 

238.50 

L37 

34.8 

209.28 

L38 

39.42 

However,  one  can  simplify  Che  calculations  by  regrouping  of  the 
spectral  lines  in  a  manner  similar33  to  the  solar  ionization  of  the 
ionosphere.  The  regrouping  depends  on  the  degree  of  accuracy  desired 
in  the  calculation  and  will  be  discussed  later  in  this  report. 
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IV.  PHOTODISSOCIATION  OF 

In  Section  II  data  were  presented  for  the  total  photoabsorption 
cross  section  In  N^.  The  total  and  partial  photoionization  cross 
sections  were  also  given  including  the  relevent  cross  sections  for  the 
dissociative  ionization.  In  this  section  a  discussion  is  given  on  the 
photodissociation  of  N^.  There  are  several  photodissociation  limits  21 
for  N^  where  the  products  of  the  dissociation  leave  the  nitrogen  atoms 
in  excited  states.  These  dissociation  limits,  their  threshold  energies 
and  the  states  of  the  dissociation  products  are  given  in  Table  IV,  re¬ 
produced  from  Reference  21. 

TABLE  IV 


Limit 

Photodissociation  Limits  Of 

Products  Dissociation 

Enemy  ( eV ) 

Wavelength  (1) 

D1 

4  4 

s  +  s 

9.76 

1270 

°2 

2  4 

D  +  S 

12.14 

1021 

°3 

2  4 

P  +  S 

13-33 

930 

d4 

2  2 

D  +  D 

14.52 

853 

°5 

2  2 

P  +  D 

15.71 

789 

°6 

2  _  .2  _ 

P  +  P 

16.91 

733 

°7 

4  4  - 

p  +  s 

20.08 

617 
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The  photodlseociation  Units  presented  in  Teble  IV  produce 

states  which  are  basically  aetastable,  i.e.  2D  and  and  a  radl- 

4 

atively  allowed  excited  state  P  which  emits  ultraviolet  photons 
(  ~  10.3  eV  ).  These  metastable  states  can,  in  principle,  be  photo- 
ionized  by  radiation  of  longer  wavelengths  compared  to  ionization 
from  the  ground  state  of  the  species. 

There  exist  reliable  measured  photoabsorption  and  photo¬ 
ionization  cross  sections  for  Ng  (  see  Section  II  for  references) . 
However,  the  same  cannot  be  said  for  photodissociation  of  Ng.  In 
fact  one  may  observe  that  no  data  is  available  for  the  simple  photo¬ 
dissociation  of  Ng.  However,  some  estimates  can  be  made  21  from 
a  knowledge  of  the  measured  total  photoabsorption  and  photoionization 
cross  sections.  In  Table  V  we  present  such  an  estimate  based  on  the 
work  of  Reference  21,  however,  modified  to  conform  with  the  average 
total  absorption  cross  sections  given  in  Table  II.  We  also  present 
in  this  table  the  products  of  the  dissociation  and  the  excess  energy 
which  goes  into  the  kinetic  energy  of  the  neutrals. 
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Table  V 


N2  Dissociation  Cross  Section  (tt>) 

The  Dissociation  Products  and  the  Excess  Energy 
Going  into  the  Kinetic  Energy  of  the  Neutrals 


X  <  I  ) 

cD(Mb) 

Products 

Excess  E 
(eV) 

** 

989.50 

0.08 

+  % 

0.42 

L10 

916 

0. 14 

S  +  % 

1.41 

L11 

878.5 

0.30 

S  +  S 

0.78 

L12 

83^.5 

1.4 

S  +  % 

1.53 

L13 

833.8 

1.5 

1.54 

Ll4 

311.4 

1.2 

4S+2P 

1.95 

L15 

789 

2.2 

^  +  2d 

0.0 

Ll6 

765 

1.8 

+  S 

0.49 

L17 

764 

1.8 

^  +  2d 

0.52 

Ll8 

703 

0.8 

+  2d 

1.92 

nergy 
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V 


PHOTOIONIZATION  OF  N 


The  photoionization  cross  section  for  the  ground  state  of  the 
nitrogen  atom  has  been  calculated  by  many  workers  using  various  theo¬ 
retical  methods22* a6.  Henry's  results23  agree  reasonably  well  near 
threshold  with  experimental  measurements  of  Comes  and  Elzer27.  Rea¬ 
sonable  agreement  also  prevails  between  the  calculations  of  references 
23,  2b  and  26. 

Of  more  interest,  however,  is  the  photoionization  cross  section 
of  the  ground  state  configuration  of  N  i.e.  N  (^S) ,  N  (*T>)  and 
nA).  Such  data  has  been  presented  by  Henry28  in  a  functional 
form  fitted  to  the  calculated  value.  The  functional  form  is 


-  °th  [  »  <  5^>s  +  <1-«>Hro>s+l  ]  x  10'18  <»=>  (4) 

where  Xo  is  the  threshold  wavelength  for  the  transition  and  a,  S  and 
are  parameters  whose  values  are  given  in  Table  VI. 


Table  VI 


Photolonlzatlon  Cross  Section  Parameters  for  N 


Transition 

S 

a 

ath 

4  *  l 

N(  S)-N  (^P) 

2.0 

4.287 

11.42 

N(2D)-N+  (5P) 

1.5 

3-847 

4.41 

(^D) 

2.0 

4.826 

5.02 

N(2P)-N*'  (^P) 

1.5 

2*.337 

4.20 

(-4)) 

2.0 

5.112 

2.87 

(1S) 

2.0 

4.727 

2.05 

Using  the  parameters  given  in  Table  VI  and  equation  (4) , 
the  photoionization  cross  sections  for  the  ground  state  configu¬ 
ration  of  N  are  presented29  in  Figure  2  as  a  function  of  wavelength. 
Using  this  figure,  the  ionization  cross  sections  for  N(S>) ,  N(2D) 
and  N('T)  are  presented  in  Tables  VII  (a)  and  VII  (b)  for  the  Set 
of  ionizing  radiation  of  Table  I. 
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VI.  Photoionization  of  0 

A  recent  measurement30  of  the  photoionization  cross  section  of 
atomic  oxygen  in  the  wavelength  region  of  900  -  7 60  Jt  gives  results 
in  close  agreements  with  the  measured  values  of  Cairns  and  Sampson31. 
More  rigorous  and  recent  theortical  calculations24’ 28,34  predict 
results  in  reasonable  accord  with  these  measurements.  However,  early 
theortical  calculations34’ 35  have  predicted  results,  near  ionization 
threshold,  which  are  lower  by  a  factor  of  2. 

For  a  detailed  photodeposition,  one  requires  photoionization 
data  for  the  ground  state  configuration  for  which  no  experimental 
data  is  available.  However,  theoretical  calculations28’34  exist  and 
we  shall  utilize  the  results  of  Henry28  by  multiplying  them  by  a  factor 
of  1.6  to  bring  them  into  accord  with  the  experimental  data,  espec- 
ially  for  the  transition  -“p  -  S.  Figure  3  presents  the  photoionizatloa 
cross  sections  of  0(^P) ,  0(^D)  and  0(*S)  calculated  using  equation  (4) 
whose  parameters  relevent28  to  oxygen  are  given  in  Table  VIII. 


2k 


Table  VIII 


Photoionizat ion 

Cross 

Section  Parameters 

for  0 

Transition 

S 

a 

ffth 

0(5P)-0  (4s) 

1.0 

2.661 

2.94 

0(5P)-0  (2D) 

1.5 

4.578 

5.85 

0(5P)-0  C2?) 

1.5 

4.511 

2.26 

0(1D)-0  (2D) 

1.5 

6.829 

4.64 

0(1D)-0  (2P) 

1.5 

4.8 

1.95 

o(1s)-o+  (S) 

1.5 

5.124 

7.65 

Tables  IX  a  and IX  b  present  the  relevent  photoionization 
cross  section  for  the  set  of  ionizing  radiation  of  Table  I.  The 
energy  of  the  ejected  electrons  are  also  given  in  Tables  IX  a  and 
IX  b. 
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3.2/30.69  2.7/27.37  1.7/25.67 


Table  IX  (h)  Continued 


4.2/29.3?  1.6/27.63  5.3/29.86 


VII.  Photoabsorption  and  Photo Ionization  of  0 2 

The  absorption  cross  sections  for  molecular  oxygen  have  been 
measured  below  1300  &  by  many  workers9"11’ 19’ 35and  the  data  have  been 
reviewed  by  Hudson13.  Above  1300  &  the  absorption  cross  section  have 
been  measured  by  Watanabe,  et  al,37  and  Metzger  and  Cook.36  Partial 
photoionization  cross  sections  are  available, 14,38  however,  over  a 
limited  range  of  wavelength.  Dissociative  photoionization  cross 
sections  have  also  been  measured 40 ,  again,  over  a  limited  range.  Using 
these  data,  the  total  photoabsorption,  photoionization  and  partial 
photoionization  cross  section  are  presented  in  Table  X  where  the  source 
of  the  data  is  also  indicated.  For  regions  of  wavelength  where  no 

measurement  is  available  estimates  are  provided.  The  photoionization 

2  k  2  k 

to  different  continuum  states  of  0^  e.g.  X  n,  an.  An,  b  I  and  dis¬ 
sociative  ionization  are  considered. 
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Table 


Table  X  Continued 


I 


10,13 


The  average  energy  of  the  ejected  photoelectron  can  be  calcu¬ 
lated  for  each  ionizing  wavelength  knowing  the  ionization  threshold 


and  the  photoionization  cross  section.  However,  in  0^  the  photo¬ 
ionization  continuum  lead  to  four  discrete  ionic  states  in  addition 

?  4  2 

to  the  dissociative  ionization.  These  states  are  Xtt,  a  tt,  A  tt  and 
bSs  whose  ionization  thresholds  are  12. 06,  l6.1,  1 6.8  and  18.2  eV 

2  Ir¬ 
respectively.  The  A  tt  and  b  Z  states  are  coupled  radiatively  to 

2  4  ? 

X  tt  and  a  tt  states,  where  the  X  tt  state  is  the  ground  state  of  the 

4 

molecular  ion  and  a  tt  is  an  excited  and  a  metastable  state.  Thus, 
for  the  purposes  of  ionization  one  can  consider  the  molecular  ions 

2  4 

to  be  in  X  tt  and  a  tt  states  only  and  calculate  the  average  photo¬ 
electron  energy  by  utilizing  the  detailed  data  of  Table  XI. 

Table  XI 


Effective  Photoionization  Cross  Section  of  0 2  (Mb) 
And  the  Average  Energy  of  the  Ejected  Electron 
For  Each  Ionizing  Wavelength 


Wavelength 

Designated  Flux 

c(x) 

cr(a) 

c(di) 

AE*(eV) 

1503.5 

L1 

-- 

-- 

1240.1 

L2 

-- 

-- 

-- 

-- 

1199.9 

L3 

-- 

-- 

-- 

-- 

1134.6 

L4 

-- 

-- 

-- 

-- 

1085.1 

S 

— 

-- 

-- 

-- 

1033.8 

L6 

-- 

-- 

-- 

-- 

1026.6 

V 

0.90 

0.0 

-- 

0.04 

990.98 

L8 

2.1 

0.0 

-- 

0.45 
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Table  XI  Continued 


Effective  Photoionization  Cross  Section  of  0^ 
And  the  Average  Energy  of  the  Ejected  Electron 


For  Each  Ionizing  Wavelength 


Wavelength 

Designated 

Flux 

0  (x) 

0(a) 

0(di) 

AE(eV) 

430.09 

L30 

7.7 

97T 

1.0 

13-40 

-  11.38 

-  10.11 

374.44 

L3i 

7.7 

10.1 

0.5 

17.51 

-  15.75 

-  14.39 

374.12 

L32 

7.7 

10.1 

0.5 

17.51 

-  15.75 

-  14.43 

305.72 

L33 

6.9 

9.0 

0.5 

25.69 

-  23.00 

-  21.79 

303.66 

l34 

7.1 

9.0 

0.5 

25.93 

-  23.3 

-  22.09 

279.83 

L35 

6.1 

8.2 

0.5 

29.67 

-  26.66 

-  25.59 

247.20 

L36 

5.3 

6.2 

0.5 

35.8 

-  32.74 

-  31.^9 

238.50 

L37 

4.7 

5.8 

0.5 

37.92 

-  34.45 

-  33-29 

209.28 

L38 

4.7 

5.8 

0.0 

45.1 

-  41.65 

-  4o.49 

In  this  Table  the  energy  of  the  ejected  electron  is  given  in  three 
columns  to  correspond  from  left  to  the  ionization  limits  cr(X) ,  0 (a) 
and  0  (di) ,  respectively. 

VIII.  PHOTODISSOCIATION  OF  Og 

The  oxygen  molecule  has  many  photodissociation  limits  where  the 
products  of  the  dissociation  are  oxygen  atoms  in  excited  states.  The 
lowest  dissociation  limit  is  at  5.1  eV  and  the  dissociation  products 
are  two  atoms  which  are  in  the  ground  state.  However,  since  we  are 
interested  in  the  photoabsorption  at  and  below  I3O3  A  the  dissociation 

limits  of  interest  begin  with  the  product  of  0(^P)  +  0(^S) .  Table  XII 
presents  the  dissociation  limits  of  interest,  their  threshold  energy 
and  the  products  of  the  dissociations. 
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Table  XII 


Og  Dissociation  Limits  and  Dissociation  Products 


l y  Threshold  (eV) 

Wavelength  (X) 

Dissociation 

9.31 

1331 

5P  +  *s 

11.27 

1100 

1d  +  1s 

13.51 

916 

10  ^  1 
s  +  s 

14.20 

869 

5P  +  5S 

14.64 

847 

5P  +  5S 

15.86 

782 

3p  +  5p 

16.10 

770 

3p  +  3p 

16.55 

749 

XD  +  5S 

16.95 

731 

3P  +  5S 

17.05 

727 

\  +  5S 

17.19 

721 

5P  +  5d 

17.20 

721 

5P  +  5d 

The  dissociation  cross  section  for  0 ^  from  1303  to  918  A  are 
taken  from  Tables  XI  (a,b)  where  we  consider  the  total  absorption  to 
lead  to  dissociation  in  the  absence  of  ionization.  From  ionization 
threshold  to  918  X  we  take  the  difference  between  total  absorption 
and  ionization  to  lead  to  dissociation.  For  wavelengths  below  918  X 
we  utilize  the  measured  values  of  Matsunaga  and  Watanabe35  down  to  a 


t 


1 


wavelength  where  the  ionization  efficiency  becomes  100$.  Using  these 

data,  the  dissociation  cross  sections  of  0 g  and  the  states  of  the 

dissociation  products  along  with  the  excess  energy  which  goes  into 

the  kinetic  energy  of  the  neutral  particles  are  presented  in  Table  XIII 

Table  XIII 

0g  Dissociation  Cross  Section  (Mb),  the 

Dissociation  Products  and  the  Excess  Energy 

Going  into  the  Kinetic  Energy  of  the  Neutrals 

Designated 

ad 

Products 

Excess  Energy  (eV) 

Flux 

L1 

0.5 

+  Ls 

0.19 

L2 

0.2 

5P 

+  ls 

0.69 

L3 

1.6 

5P 

+  lB 

1.02 

H 

1.0 

5P 

*ls 

1.61 

L5 

1.0 

XD 

+  ls 

0.16 

L6 

0.9 

lD 

+  *s 

0.72 

L7 

0.5 

XD 

+  ls 

O.83 

l8 

1.2 

ld 

+  ls 

1.24 

L9 

0.5 

XD 

+  1s 

1.27 

L10 

0.5 

ls 

+  ls 

0.02 

L11 

2.3 

l8 

+  1s 

0.6 
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Table  XIII  Continued 


Og  Dissociation  Cross  Section  (Mb),  the 
Dissociation  Products  and  the  Excess  Energy 
Going  into  the  Kinetic  Energy  of  the  Neutrals 


Designated 

Flux 

°d 

Products 

Excess  Energy  (ev) 

L12 

5.5 

5P  ♦  V<V*>  0.22 

L13 

5.5 

3P  +  V(3P) 

0.23 

Lll* 

10.2 

3P  +  3S*(3P) 

0.6b 

L15 

9.2 

3P  +  3S*(3P) 

1.07 

L16 

8.1 

3P  +  Wp) 

0.1 

L17 

8.1 

3P  +  3P*(3P) 

0.13 

L18 

2.7 

3P  +  3S*(3P) 

0.58 

(*)  The  state  in  the 

bracket  is 

the  final  state 

since  the  original 

product  is  radiative 

and  cascades 

to  the  ground 

state  after  emitting 

it  excitation  energy. 
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Fig.  3  -  Photoionisation  cross  section  for  the  ground  state 
configurations  of  the  oxygen  atom 


6 


